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Abstract 
When contracts require that complex systems be engineered, systems engineering often leads the technical activities on 
proposals.  Decision makers in organizations have beliefs gained from trial-and-error experiences about how to use systems 
engineering on proposals to capture contracts.  This paper explores a set of these beliefs.  Each belief is formalized into a
hypothesis so it can be empirically evaluated.  Analysis results from a survey designed to identify critical success factors on 
proposals are analyzed to evaluate each hypothesis.  The survey research is discussed, including the survey content, how the 
survey was created and administered, the process for analyzing survey results and threats to validity related to the survey.  The 
survey data is used to draw conclusions about each hypothesis and belief.  
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1. Introduction 
When organizations engineer complex systems, systems engineering often leads the technical activities on 
proposals.  Decision makers in organizations generally have beliefs about how to use systems engineering in 
proposal management to capture contracts.  Beliefs are defined as “a conviction of the truth of some statement”1.  In 
this paper, the beliefs define decision makers’ opinions about certain actions that an organization may take to 
potentially improve their chances of being awarded contracts. 
Within organizations, beliefs about how to use systems engineering to capture contracts evolve over time.  Many 
times this evolution occurs through trial-and-error as decision makers adapt their strategies for using systems 
engineering on proposals and observe how the outcome appears to be affected.  It is possible that such a sequential 
trial-and-error approach could lead to erroneous conclusions and possibly poor policy decisions because decision 
makers may emphasize only a limited subset of the relevant considerations.  A more methodical approach is needed.   
This paper applies a scientific approach to examining these proposal-related beliefs about using systems 
engineering on proposals to capture contracts.  This paper presents a set of beliefs related to how to use systems 
engineering on proposals.  Each of these beliefs is formulated into one or more hypotheses.  Each of the hypotheses 
is evaluated by analyzing the results of a factor relationship study of actual proposal efforts.  The data used for this 
study was collected in a survey to identify critical success factors on proposals.  This paper discusses the survey 
content, how the survey was created and administered, the process of analyzing the survey results, the demographics 
of the respondents, and other important contextual information.  The study also discusses threats to validity and 
study limitations.  The conclusions related to the hypotheses are used to identify a subset of the beliefs that are 
supported by the study data. 
2. Beliefs and Reasons for Beliefs 
The beliefs about how to use systems engineering to capture contracts are synthesized from several sources.  The 
primary source of information that contributed to these beliefs is the industry experience and knowledge of the 
authors.  Each of the authors has used systems engineering on numerous proposals designed to capture contracts to 
engineer complex systems.  The authors have also reviewed many examples of consultancy-based proposal 
management literature aimed at preparing managers to develop winning proposals2,3,4,5,6.  The literature reviewed 
primarily focuses on the programmatic aspects of preparing the proposal document.  None of the literature reviewed 
particularly focuses on using systems engineering to capture contracts.  Nonetheless, some consistent themes emerge 
in the literature that are consistent with the authors’ experience, such as developing a relationship with the customer 
prior to submitting the proposal, investing adequate resources on the proposal, and keeping in touch with the 
customer.  Another major source of information that helped to formulate these beliefs was feedback from subject 
matter experts asked to validate the survey questions, the survey instrument, and a systems engineering optimization 
modeling framework as part of the research design of a dissertation related to the use of systems engineering on 
proposals7.  A number of beliefs were formulated, and four beliefs were chosen to present in this paper because they 
address relationships that the authors believe are likely valid based upon their experience and knowledge. 
Each belief that is explored in this paper is presented in Table 1.  The first column of Table 1 presents the beliefs 
and the second column explains the reasons for each belief. 
3. Defining Hypotheses from Beliefs 
This section formalizes the beliefs presented in Table 1 into formal hypotheses.  A hypothesis is defined as “a 
tentative assumption made in order to draw out and test its logical or empirical consequences”1.  In this paper, 
hypotheses differ from beliefs because the hypotheses provide formal statements about the relationship between 
well-defined variables, and therefore hypotheses are testable.  The hypotheses presented in this paper do not imply 
causation.  They simply state that as the value for one variable varies in a particular way, the value for another 
variable also varies in a particular way.  These hypotheses, as well as a detailed definition of each factor mentioned 
in each hypothesis, appear in Smartt7.  Table 2 presents these hypotheses.  The first column states the beliefs again.  
The second column presents the related hypotheses.   
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Table 1. Beliefs and reasons for beliefs. 
Belief Reasons for Belief 
1.) In order to improve your chances of being 
awarded contracts for existing customers, keep 
your existing customers for already captured 
contracts satisfied. 
Customers generally prefer to do business with organizations that have performed highly 
satisfactory work for them in the past.   
2.) In order to improve your chances of being 
awarded contracts, demonstrate to your customer 
that you have mature processes in place. 
An organization holding a high level of process maturity8 is attractive to customers.  A 
high process maturity rating is a general indicator of mature processes.  Research has 
linked mature systems engineering processes to better cost, schedule and technical 
performance9.   
3.) In order to improve your chances of being 
awarded contracts, invest sufficient resources on 
systems engineering during the proposal phase. 
Spending sufficient time (and hence resources) understanding source and system 
requirements, exploring architectures, examining possible technology insertion options, 
carefully estimating costs and methodically comparing various candidate solutions to 
select the best value solution should: 
1.) Result in a desirable solution that satisfies the customer’s needs. 
2.) Demonstrate to the customer that due diligence has been expended in exploring the 
customer’s needs and considering an array of possible solutions. 
4.) In order to improve your chances of being 
awarded contracts, keep in touch with the 
customer through face-to-face meetings 
throughout the proposal process. 
More face-to-face contact with a customer provides more opportunity for the organization 
to understand the customer’s needs and convince the customer that the organization can 
fulfill those needs. 
 
Significant care was devoted to how to translate the belief into one or more hypotheses.  For example, the notion 
of investing sufficient resources had to be clarified.  Given the lack of empirical research related to the use of 
systems engineering on proposals, there was no threshold value of investment that could be used to determine 
whether the level of investment in systems engineering on a proposal was “adequate”.  Given the lack of any 
established criterion for an adequate investment, an effort was made to determine if investing more in systems 
engineering labor on a proposal tends to correlate with an increased probability of a contract award.  The number of 
systems engineering labor hours spent defining the proposed offering on the proposal was used to quantify level of 
systems engineering labor on the proposal.  However, the raw number of systems engineering hours was first 
normalized by contract size.  The contracts being pursued varied by orders of magnitude in size.  Some contracts 
were for hundreds of labor hours of engineering effort and other contracts were for hundreds of thousands of hours 
of engineering labor.  Therefore, comparing the raw number of labor hours invested in systems engineering labor 
between proposals was not assessed to be meaningful.  Instead, ratios should be compared that normalize the 
systems engineering effort by the size of each contract effort. A number of alternatives were considered for how to 
quantify the size of each contract effort.  The metric selected to quantify contract size was the number of total 
engineering labor hours projected to be worked on the development portion of the contract if the contract was 
awarded.  This metric is useful because it expresses the total scope of engineering effort post contract award to 
develop the system in labor hours and is meaningful to decision makers. 
In a similar fashion, no established criterion was available to determine how many contacts with the customer 
qualified as “keeping in touch”.  As with level of investment in systems engineering on the proposal, what is 
analyzed is whether more face-to-face customer contacts correlates with a higher probability of contract award.  
Both the number of video conference face-to-face meetings and the number of in-person face-to-face meetings were 
analyzed.  Because of the orders of magnitude variance in contract sizes, the ratio of number of contacts to contract 
size was used instead of the absolute number of customer contacts.  Once again, the metric selected to quantify 
contract size was the number of total engineering labor hours projected to be worked on the development portion of 
the contract if the contract was awarded. 
4. Evaluating Hypotheses Using Results from a Survey 
These hypotheses are evaluated using data from a survey to assess the relationships between critical success 
factors (including systems engineering factors) and the probability of a contract award.  This section discusses the 
survey, the demographics of respondents, statistical analysis techniques for the survey results, threats to validity of 
the survey, and results and the conclusions related to the hypotheses. 
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Table 2. Hypotheses related to beliefs. 
Belief Related Hypotheses 
1.) In order to improve your chances of being 
awarded contracts for existing customers, keep 
your existing customers for already captured 
contracts satisfied. 
1.) As the level of customer satisfaction with ongoing or past contract efforts 
increases, the probability of a contract award increases. 
2.) In order to improve your chances of being 
awarded contracts, demonstrate to your customer 
that you have mature processes in place. 
2.) As the level of process maturity of the prime contractor increases, the probability of 
a contract award increases. 
3.) In order to improve your chances of being 
awarded contracts, invest sufficient resources on 
systems engineering during the proposal phase. 
3.) As the ratio of the number of systems engineering labor hours defining the 
proposed offering to the total number of engineering labor hours to be worked on the 
development portion of the contract increases, the probability of a contract award 
increases. 
4.) In order to improve your chances of being 
awarded contracts, keep in touch with the 
customer through face-to-face meetings 
throughout the proposal process. 
4-A.) As the number of video conference interactions between the prime contractor 
and the customer divided by the total number of engineering labor hours to be worked 
on the development portion of the contract increases, the probability of a contract 
award increases. 
4-B.) As the number of in-person interactions between the prime contractor and the 
customer divided by the total number of engineering labor hours to be worked on the 
development portion of the contract increases, the probability of a contract award 
increases. 
 
4.1. Survey Overview 
The survey was designed to elicit information related to the factors in the hypotheses described previously and 
other factors potentially related to the probability of contract award.  Each survey response described a particular 
proposal.  For each proposal effort described in the survey, a definitive award status was known to the respondent.  
Respondents were invited to describe either a proposal that resulted in a contract award or a proposal that did not 
result in a contract award.  All proposals were for contracts that included development effort for which the system 
being proposed was to provide new functionality.  The survey focused on the supplier perspective as opposed to the 
acquirer perspective.   
The survey included questions on a number of different topics about the background of the respondent, the 
organization, the proposal effort, the customer and the contract that was being pursued.  Questions related to the 
respondent included questions about the professional roles that the respondent has served in and the respondent’s 
role on the proposal being described.  Questions related to the organization included questions about the process 
maturity level of the organization, whether the organization was the prime contractor or a subcontractor, the 
organization’s motivations for submitting a proposal and the competitive rank of the organization.  Questions related 
to the proposal effort included whether or not the proposal effort resulted in a contract award, the number of systems 
engineering labor hours devoted to key activities by individuals at various skill levels, the number of individuals on 
the team responsible for systems engineering inputs on the proposal, the number of contacts with the customer on 
the proposal effort, the level of experience of the project manager of the proposal effort, and the process maturity as 
exercised on the proposal.  Questions related to the customer included the respondent’s perception of the level of 
customer satisfaction on any previous or ongoing contract efforts if previous contract efforts existed.  Questions 
related to the contract included the type of contractual agreement being used (e.g., firm fixed price), the estimated 
number of systems engineering labor hours to be worked on the development portion of the contract if a contract 
was awarded, the estimated number of total engineering labor hours to be worked on the development portion of the 
contract if a contract was awarded, whether the end user is from the commercial, military/defense or 
government/non-military segment, and the type of system to be engineered under the contract. 
Each question was designed to either gather important background information or gather data related to a factor 
of interest in the analysis.  Questions were designed using the recommended practices from the survey 
literature10,11,12.  The questions were reviewed by many individuals with varying background that included Smartt’s 
dissertation committee, other graduate students, and several industry subject matter experts.  The survey instrument 
was also subjected to a rigorous verification test described in Smartt7, testing by dissertation committee members, 
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testing by peers and field testing where subject matter experts input actual project data.  Through this process, the 
questions and the survey instrument were refined. 
The survey was administered via the internet in 2012 and was extensively promoted with the help of the 
International Council on Systems Engineering (INCOSE) and the National Defense Industrial Association (NDIA).  
Both INCOSE and NDIA posted links on their websites to the survey, and emails were sent to a subset of the 
membership of both INCOSE and NDIA requesting help.  Two versions of the survey had to be created because of 
website access permissions within some of the organizations employing individuals with the required knowledge to 
respond to the survey.  Each version of the survey included the same questions, and data from both versions was 
used to explore the beliefs of respondents. 
4.2. Demographics of Survey Respondents 
The validity of responses was verified through a number of data checks.  Eliminating invalid responses is 
important to ensure the integrity of the analysis results.  Data checks were used to identify responses that were 
sufficiently questionable or inconsistent to be considered invalid.  A number of data checks were applied.  For 
example, respondents were asked to provide the number of years of experience in a number of different roles 
(including an entry for “other”) and then asked to provide their total number of years of experience.  The survey 
explicitly instructed that the sum of the years of experience in the various roles should total the total number of years 
of experience.  For some responses, these two numbers differed.  In most cases, failure of a single data check, such 
as the years of experience check, was not sufficient grounds to invalidate a response.  However, multiple failed data 
checks were generally considered sufficient grounds to invalidate a response.  Respondents also had to indicate that 
they were at least somewhat confident in both their qualitative and quantitative responses in order for their responses 
to be considered valid.  A detailed discussion of how the decision was made to determine which responses were 
considered valid is in Smartt7.   
There were 62 valid responses, 42 of which reported contract awards and 19 of which did not report contract 
awards.  All of the proposals were submitted in the 2007-2012 timeframe.  The responses were diverse with respect 
to type of system, background of respondents and roles of respondents on the proposal.  While respondents from all 
market sectors and for various different types of systems were encouraged to respond, 71% of responses reported a 
contract in the military/defense sector, and 47% of the systems being engineered were weapons systems.  The 
proposal efforts included 63% that were submitted to customers with a home office in the United States and 37% 
submitted to customers with a home office outside of the United States.  For qualitative questions, 94% of 
respondents indicated that they were confident, very confident or extremely confident in their responses.  6% 
indicated that they were somewhat confident.  For quantitative questions, 86% of respondents indicate that they 
were confident, very confident or extremely confident in their responses.  14% of respondents indicated that they 
were somewhat confident in their responses.  No respondents indicated that they were not at all confident for either 
the qualitative or quantitative responses. 
4.3. Statistical Analysis Techniques for Survey Results 
Data related to the hypotheses is evaluated using a variety of techniques and tests.  Some of the factors are 
categorical in nature, meaning there are a finite number of levels that the variable can assume.  Other factors are 
continuous.  Continuous variables assume values in an interval or in a collection of multiple intervals13.  The tests 
for analyzing the categorical variables include ANOVA, Pearson’s Chi-square test, and an Exact version of 
Pearson’s Chi-square test14.  When one or more of these techniques returns a high probability that the relationship is 
significant, then additional analysis is conducted to better understand what factors levels appear important.  In these 
cases contrasts are defined that are suggested by the data, and Tukey and Scheffé15 post-hoc multiple comparison 
methods are used to explore the level of statistical significance of these contrasts.   
The primary technique used to analyze the continuous factors is logistic regression analysis.  Logistic regression 
analysis is appropriate for predicting probability of an event based upon data with a binary response16.  In other 
words, for each historical data point, either the event occurred (e.g., contract award) or did not occur (e.g., no 
contract award).  Logistic regression functions have been used in numerous studies, including the probability that a 
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family will buy a new car based on income17 and the probability an organization will submit a bid for a particular 
construction job based upon a number of factors18.  In logistic regression analysis, the predicted probability of an 
event is always between 0 and 1 but never actually reaches zero or one.  Because the number of data points is 
relatively small, the standard Wald test19 used to estimate the significance level of the relationship was determined 
not to be applicable through an analysis involving bootstrapping.  As an alternative, methods designed for small 
sample statistical analysis were used.  These methods included profile likelihood confidence intervals centered about 
parameter estimates derived from Firth’s method20 and bias-corrected accelerated confidence intervals derived from 
distributions obtained through bootstrapping21. 
4.4. Threats to Validity of Survey Results 
Both internal and external threats to validity as well as potential study limitations are considered.  Findings from 
a study have internal validity if effects observed in the dependent variable are actually caused by the independent 
variable and not by other factors22.  External validity refers to whether the causal relationships from the study can be 
generalized beyond the study conditions22.  Table 3 presents a high-level overview of the threats to validity for the 
survey research.  The first column describes whether the threat is an internal or external threat to validity.  The 
second column describes the threat, and the third column describes what mitigations have been taken to reduce the 
likelihood or severity of the impact of the threat.   
 
Table 3. Overview of threats to validity for the survey. 
Category Threat Mitigations 
Internal Respondents input invalid data because they failed to 
read or did not understand the directions. 
 
Extensive data checks used to validate respondent data 
 
There was variation in data sources as some individuals 
entered exact values of actual data from databases and 
others entered estimates of actual data. 
None 
External Members of the targeted professional societies may not 
be representative of professionals involved with using 
systems engineering on proposals for complex systems. 
Detailed respondent demographic information published with 
survey results in Smartt7 to help reader evaluate applicability of 
survey results 
 
Several study limitations apply.  To begin with, the study only addresses the objective of maximizing the 
probability of contract award, and does not consider other objectives such as earning a profit.  Additionally, the 
study is focused solely on the proposal project.  In an organization, resources and available labor hours of employees 
with systems engineering skills are generally limited.  Electing to invest those resources and employee time on one 
endeavor by definition leaves fewer resources and less available employee time for other endeavors. The study does 
not examine the impact of decisions related to the proposal of interest on other ongoing efforts such as contracts that 
have already been captured and proposal efforts to capture other contracts.   
4.5. Drawing Conclusions for Hypotheses 
By drawing conclusions related to the hypotheses in Table 2 from the analysis of actual survey data, the validity 
of these proposal-related beliefs can be explored.  In order to make these assessments, formal hypothesis testing was 
performed using the statistical results from the survey analysis.  The evaluation of these hypotheses is presented in 
Table 4.  The first column is the statement of the hypothesis and the second column is the test results for the 
hypothesis.  The test results include pertinent results from statistical tests related to the hypothesis.  Specifically, the 
values that are provided are ρ-values.  The ρ-values are the smallest value of alpha (i.e., significance level) that 
would allow the null hypothesis to be rejected15.  The ρ-values range from 0 to 1, with lower ρ-values signifying 
stronger statistical relationships and higher ρ-values signifying weaker statistical relationships.  For this analysis, ρ-
values of 0.05 or below strongly support the significance of the relationship and ρ-values between 0.05 and 0.2 
mildly support the significance of the relationship.   Contrasts are evaluated at discrete significance levels of 0.01 
and 0.05 and the results are reported. 
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5. Findings Related to Beliefs 
By evaluating each of the hypotheses in Table 4, insight is gained into what variable relationships are supported 
by the data and which variable relationships remain inconclusive.  For many of these hypotheses, there is a 
discrepancy between the estimated significance of the relationship between multiple types of tests.  In these cases, 
there is inherent ambiguity as to which tests are correct.  Nonetheless, in Table 4, an interpretation of the validity of 
each hypothesis is presented along with results from relevant statistical tests.  The beliefs that correspond to the 
variable relationships that are supported by the survey data include the following: 
x In order to improve your chances of being awarded contracts, keep your existing customers for already 
captured contracts satisfied. 
x In order to improve your chances of being awarded contracts, invest sufficient resources on systems 
engineering during the proposal phase. 
x In order to improve your chances of being awarded contracts, keep in touch with the customer through face-
to-face meetings (including video conferences and in-person meetings) throughout the proposal process. 
A couple of key points must be considered when attempting to evaluate the validity of a belief based upon what is 
known about the relationships between the variables.  First, a strong correlation between variables does not 
necessarily imply that changes in one variable actually cause changes in another variable.  Therefore, beliefs for 
which the derived hypotheses are supported by the data are not necessarily true as the beliefs imply causation.  The 
other key point is that a variable relationship that is found to be inconclusive by analyzing the survey data may very 
well prove to be significant if a larger sample or a more homogenous sample of data becomes available.  Therefore, 
an inconclusive data relationship could actually be significant, and furthermore, changes in the independent variable 
could actually cause changes in the dependent variable, rendering the related belief true.  Therefore, the strongest 
statements that can really be made related to the validity of the beliefs are to observe what set of beliefs relate to 
hypotheses that are supported by the survey data analysis.  
6. Conclusions 
This paper presents a set of beliefs related to how to use systems engineering on proposals for an organization to 
improve their chances of being awarded a contract.  Each of these beliefs has been formulated into one or more 
hypotheses.  Each of the hypotheses is evaluated by analyzing the results of a survey-based factor relationship study 
to identify critical success factors for the use of systems engineering on proposals.  The results of the evaluation of 
the hypotheses are used to assess the validity of each of the beliefs.  Based upon this analysis, in order to improve 
your chances of being awarded contracts, keep your existing customers on already captured contracts satisfied, 
invest sufficient resources in the proposal phase, and keep in touch with the customer through face-to-face 
interactions throughout the proposal process.  The analysis was inconclusive related to the effectiveness of 
demonstrating to your customer that you have mature processes in place for capturing contracts.  With a larger 
sample of data, this belief may be better supported.  Therefore, do not interpret this analysis as an invitation to 
disregard process maturity of the organization.   
By identifying which beliefs appear to be consistent with the data, decision makers can focus their attention, time 
and resources more effectively.  The findings from this analysis can also guide future research in the important area 
of how to use systems engineering on proposals.  The beliefs supported by the survey data provide systems 
engineering researchers with a small set of promising areas around which to focus future proposal-related research.   
More empirical research in this important area should be done.  This future empirical research should reach 
beyond the limitations of this study and explore topics such as the impact of decision making on proposals to overall 
organizational goals.  Previous studies have shown that optimizing one project can have adverse effects on other 
projects23.  Therefore, before allocating resources and assigning employees to a proposal effort, the organization 
should consider whether such actions may have negative consequences that outweigh the benefits to the specific 
proposal effort of interest.  Future research is suggested to determine whether the same factors that lead to contract 
awards also lead to the objective of earning a profit from executing the contracts awarded as a result of proposals.   
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Table 4. Test results for hypotheses. 
 Hypothesis Test Results 
1.) As the level of customer satisfaction 
with ongoing or past contract efforts 
increases, the probability of a contract 
award increases. 
Summary: Hypothesis strongly supported by the data – By all metrics considered, there 
is over a 95% chance that the perceived level of customer satisfaction is a statistically 
significant factor.   Post-hoc multiple comparisons indicate that proposals where the 
customer is very satisfied with past or ongoing contract work were significantly more likely 
to result in contract awards than proposals for which the customer was less than very 
satisfied. 
ρ-value ANOVA: 0.037 
ρ-value Pearson’s Chi-square: 0.042 
ρ-value Exact Pearson’s Chi-square: 0.011 
Contrast: Proposals where the customer is very satisfied with previous or ongoing work vs. 
proposals where the customer is less than very satisfied with previous or ongoing work. 
Significance of contrast:  0.05 by Tukey and Scheffé 
2.) As the level of process maturity of the 
prime contractor increases, the probability 
of a contract award increases. 
 
Summary: Hypothesis inconclusive – The data does not show that level of process 
maturity of the prime is a significant factor.  However, there is an insufficient quantity of 
data to demonstrate that this factor is not significant.  A larger sample of data may reveal 
that this factor is significant. 
ρ-value ANOVA: 0.174 
ρ-value Pearson’s Chi-square: 0.169 
ρ-value Exact Pearson’s Chi-square: 0.169 
Contrast: Proposals with a process maturity rating of 1 or 2 vs. proposals with a process 
maturity rating of 3-5. 
Significance of contrast: Not significant at the 0.05 level or below  
3.) As the ratio of the number of systems 
engineering labor hours defining the 
proposed offering to the total number of 
engineering labor hours to be worked on the 
development portion of the contract 
increases, the probability of a contract 
award increases. 
Summary: Hypothesis mildly supported by the data – Depending upon what metric is 
used, there is between a 90% and 95% likelihood that as the ratio of the number of systems 
engineering labor hours defining the proposed offering to the total number of engineering 
labor hours to be worked on the development portion of the contract increases the 
probability of contract award also increases. 
ρ-value bootstrap: 0.052 
ρ-value Firth: 0.060 
4-A.) As the number of video conference 
interactions between the prime contractor 
and the customer divided by the total 
number of engineering labor hours to be 
worked on the development portion of the 
contract increases, the probability of a 
contract award increases. 
 
Summary: Hypothesis mildly supported by the data – By statistics derived from the 
bootstrap method, there is greater than a 90% chance that as the relative number of video 
conference contacts increases the probability of a contract award also increases.  By 
statistics derived from Firth’s method, no statistically significant relationship is found. 
ρ-value bootstrap: between 0.05 and 0.1* 
ρ-value Firth: 0.341 
4-B.) As the number of in-person 
interactions between the prime contractor 
and the customer divided by the total 
number of engineering labor hours to be 
worked on the development portion of the 
contract increases, the probability of a 
contract award increases. 
Summary: Hypothesis mildly supported by the data – By statistics derived from the 
bootstrap method, there is greater than a 90% chance that as the relative number of in-
person contacts increases the probability of a contract award increases.   By statistics 
derived from Firth’s method, no statistically significant relationship exists. 
ρ-value bootstrap: 0.064 
ρ-value Firth: 0.289 
*Small sample set required alternative software to be used that only allows p-values to be estimated in a range 
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